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(57) ABSTRACT 

A variety of embodiments are disclosed, in both apparatus 
and method form, that relate to the use of fabric material in the 
manufacture of an air bag deployment system. In addition, 
fabric weakening is disclosed according to a technique that 
does not result in physical alteration of the fabric. This inven 
tion therefore includes an air bag cover for an air bag safety 
system for a vehicle comprising a fabric outer layer having a 
frontside and a backside and a substrate containing an open 
ing Wherein the opening has a periphery. The substrate is 
preferably formed by loW pressure molding, Wherein the fab 
ric outer layer overlies the opening in the substrate, and 
Wherein the fabric outer layer is weakened at a location that is 
adjacent or overlies the substrate opening periphery. 
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PRE-WEAKENING OF FABRIC COVERED 
AIRBAG DOORS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. application Ser. 
No. 10/373,332, ?led Feb. 24, 2003 now US. Pat. No. 7,100, 
941 and published Aug. 26, 2004 as United States Patent 
Application Publication No. US 2004/0164531 , the teachings 
of Which are incorporated herein by reference. 

FIELD OF INVENTION 

This invention relates to air bag doors used in motor 
vehicles to conceal in?atable restraint systems and, more 
particularly, to air bag doors having fabric or textile as the top 
or outer surface Which may be pre-Weakened to alloW deploy 
ment of the air bag. 

BACKGROUND OF THE INVENTION 

Air bag systems, or supplemental in?atable restraint sys 
tems, are commonplace in nearly all of the motor vehicles of 
today to protect occupants from serious injury upon collision 
or roll-over of their vehicles. With the present consumer 
interest quite high for additional features in neW vehicles, air 
bag systems have proliferated inside the car such that they 
may deploy in nearly any direction and from nearly any 
surface. While air bag systems Were originally integrated into 
the hub of the steering column for forWard impact protection 
of the driver and into the instrument panel for similar protec 
tion for the front seat passengers, they may noW be found 
integrated into seats and door panels for side protection, and 
integrated into headliners, pillar trim and quarter panels for 
roll-over protection. Additional locations may include air 
bags for knee protection by deploying from beloW the instru 
ment panel, or air bags built into the back of the front seats to 
protect rear seated passengers, and even air bags integrated 
into the shoulder belts Which are used for primary occupant 
protection. 

For example, US. Pat. No. 6,102,435 to TRW Vehicle 
Safety Systems, Inc., entitled “Vehicle Headliner With In?at 
able Side Curtain” is directed at a headliner assembly includ 
ing an in?atable vehicle occupant protection device Which is 
supported behind a door Which hinges open upon bag in?a 
tion. US. Pat. No. 5,540,459 to Ford Motor Company, 
entitled “Roof Rail MountedAir Bag As sembly” is directed at 
an in?atable restraint device having a trim cover Which 
de?ects aWay at its loWer edge When an air bag opens doWn 
Ward from the roof side rail and betWeen the occupant seat, 
the door and the WindoW of the vehicle. US. Pat. No. 6,152, 
482 to Ford Global Technologies, Inc., entitled “Vehicle 
In?atable Restraint System Trim With Trim Deploying Mod 
ule” is directed at an in?atable restraint module mounted 
longitudinally adjacent a roof rail Which When activated 
causes a ?ap member to operatively force a headliner assem 
bly over a pillar trim piece to route the in?atable restraint past 
the pillar trim. US. Pat. No. 6,059,311 to Breed Automotive 
Technologies, entitled “Pillar-Mounted Side Impact and 
Rollover Air Bag” is directed at a side impact and crash 
protection and roll-over system comprising a Web guide 
attachable to a pillar of a vehicle, a seatbelt system and an air 
bag assembly stored adjacent the Web guide Which When 
in?ated is positioned adjacent the pillar. US. Pat. No. 5,531, 
470 to Joalto Design Inc., entitled “SideAir Bag Incorporated 
in Vehicle Outer Armrest” is directed at a vehicle side impact 
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2 
air bag system Wherein the air bag is located in an outboard 
armrest Which is pivotably attached to a vehicle seat. Upon 
deployment, a cover panel located over the armrest hinges 
along its bottom edge to alloW the air bag to upWardly expand 
Without restriction. These air bag systems all include some 
sort of cover Which is integrated into the surrounding vehicle 
trim to prevent tampering With the air bag or the mechanism 
that causes the air bag to deploy and Which further hinges or 
de?ects to alloW proper bag deployment. These covers gen 
erally comprise an outer cover skin and a rigid door substrate, 
sometimes separated by a foam layer. 
As these safety devices have become accepted and more 

popular, it has become common to conceal the presence of the 
air bag and its in?ating apparatus by providing a cover Which 
is indistinguishable from the surrounding plastic trim (com 
monly knoWn as the invisible or hidden air bag door). Thus, 
the aesthetics of the interior are enhanced and the reminder of 
the presence of the safety equipment is minimized. 
As the locations for the air bag systems have proliferated, 

the need for different types of materials to cover the air bag 
systems and economically integrate into the surrounding inte 
rior trim package has been recogniZed. Generally, in cars, the 
materials used above the “belt line” are desirably softer in 
surface hardness While beloW the “belt line” Where scu?ing is 
more prevalent, hard injection molded plastics may be more 
preferentially employed 

Originally, air bag cover outer skins Were of a soft thermo 
plastic (polyvinyl chloride, thermoplastic ole?n or elastomer, 
thermoplastic urethane, etc.). Since seats, headliners, door 
panels and pillars are often fabric covered, particularly in 
European cars, there has been a recent focus on developing 
fabric or textile materials as candidates for the outer surface 
of air bag covers Which might meet the demanding aesthetic 
and functional requirements. 
One construction of a fabric covered air bag door that 

employs a “peel back” method is disclosed in. US. Pat. No. 
6,050,595 commonly assigned to the assignee of the present 
invention. The ’595 patent is directed at an air bag closure 
assembly comprising a trim member including a panel and a 
skin, Wherein the skin is supported on the outer surface of the 
door and trim member panel and Whereupon air bag in?ation 
the front edge of the door is pivoted aWay from the opening 
around the hinge to provide a path for air bag deployment 
through the panel. The skin is at least partially separable from 
at least a portion of the panel outer surface that extends 
laterally outWard from the side edges of the door and from the 
front edge of the door to a front edge of the skin adjacent the 
front edge of the door, the skin delaminating When the door 
carries the skin outWardly and lifts the skin from the panel 
outer surface as the air bag in?ates and forces the door to an 
open position, the skin forming a skin tent over the door, the 
skin tent having a skin tent opening formed by the delami 
nated front edge of the skin thus providing an exit for the 
deploying air bag. 

To provide deployment of the airbag Without fragmenta 
tion of the cover and to ensure tearing of the cover skin and 
reliable opening of the air bag door in combination With 
concealment of the door and door opening, it has been found 
that pre-Weakening of the cover skin in a pattern that approxi 
mates the airbag door opening is desired. This pre-Weakening 
is has been accomplished by reducing the cross-section (i.e. 
thickness) of the cover skin and door substrate locally to form 
a tear seam. This may be accomplished by molding a groove 
into the door substrate and into the inside of the cover skin or 
by the use of a laser or knife to form a groove (slots, perfo 
rations, etc.) in the substrate layer Which may extend into a 
foam and/ or cover layer. 
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For example, European Patent Application EP 1216894A1 
to Delphi Automotive, entitled “Instrument Panel With Inte 
gral Hidden Door Cover and Method of In-Process Manufac 
ture Thereof’ is directed at forming a score on the backside of 
a preferably vacuum formed instrument panel skin With a 
cylinder-activated blade to create a Weakened region in the 
pattern of an air bag door seam. The skin is then foamed in 
place With a retainer. US. Pat. Nos. 5,421,608; 5,431,435; 
5,447,328/RE 37,540; 5,564,731; 5,685,930; 5,783,016; 
5,804,121; 5,902,428; 5,941,558; 5,961,143; 5,975,563; 
6,050,595; 6,131,945; 6,203,056; 6,402,189; 6,457,738; 
6,460,880; and US. application Ser. Nos. 10/286,251; 
60/367,924; 60/368,418; and 60/411,548; commonly 
assigned to the assignee of the present invention and included 
herein by reference, are directed at air bag doors Which are 
contained in or molded as part of a larger panel and Which 
contain Weakened areas to alloW predictable deployment of 
an air bag through the panel. 

While examples of this technology are common With the 
?exible skin materials, it has not been fully demonstrated that 
Weakening of a fabric layer for a cover can be similarly 
accomplished. Use of a laserbeam to cut fabric is knoWn. US. 
Pat. No. 6,283,001 B1, entitled “Facility for Cutting 
Fabric . . . ” recites “in a preferred embodiment, the cutting 

head is a laser cutting beam. This type of cutting head pos 
sesses a laser beam source and a corresponding focusing 
optical system, Which focuses the laser beam on the fabric 
band. To avoidundesirable oxidation, an additional protective 
gas jet can be provided, Which pushes aWay from the cutting 
position the oxygen containing air by means of inert gases, 
i.e.: nitrogen or other inactive gases. Especially, Where arti 
?cial ?ber containing textiles are concerned, a fume removal 
system can be provided, Which, during the cutting, removes 
the vaporiZed sub stance in order to uphold the required Work 
ing place environmental regulations (MAK-values). Atten 
tion is also directed to US. Pat. No. 6,140,602, entitled 
“Marking of Fabrics and Other Materials Using A Laser” to 
Technolines LLC, Which discloses a method for imparting 
laser induced patterns and other designs on thin fabrics and 
leathers. 

Regarding speci?c references to Weakening cover layers in 
air bag door systems, US. Pat. Nos. 6,294,124 B1 and 5,744, 
776 to Bauer of TIP Engineering suggest the use of a laser to 
Weaken the backside of a “cover layer” by cutting through the 
substrate and partially through the cover layer. FIG. 13 
therein is said to illustrate “the use of a laser applied to a 
cosmetic cover layer 92 shoWn as a textile material as might 
be used With a side impact air bag system, Which has a scrim 
backing layer 94 bonded thereto. The laser scored groove 95 
penetrates completely through the backing scrim 94 and par 
tially through the textile layer 92.” Published United States 
Application No. 20022/0050046A1 also to TIP Engineering, 
is entitled “Process for Manufacturing an Automotive Trim 
Piece PreWeakened To Form An Air Bag Deployment Open 
ing”. This application recites a process for constructing a trim 
piece having a section pre-Weakened in a pattern to alloW 
formation of one or more deployment doors, Whereby a stiff 
substrate is formed having one or more integral doors With a 
predetermined gap betWeen adjacent portions and one or 
more cover layers are laid over the substrate panel and extend 
across the predetermined gaps. Pre-Weakening of the over 
laying cover layers is accomplished by laser scoring portions 
of the inside of the cover layers along the gap. 

Therefore, While the ?eld not surprisingly has many dis 
closures charting off in a variety of different directions to 
provide a cosmetically appealing and functional air bag 
deployment system, there still exists a need in the art for 
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4 
fabric or textile covered trim panels to be used as air bag 
covers, Wherein the fabric as Well as the substrate is ef?ciently 
pre-Weakened to alloW predictable deployment of the air bag 
and tearing of outer cover layer. 

SUMMARY OF THE INVENTION 

According to the present invention, an air bag cover for an 
air bag system in a motor vehicle is provided having a textile 
or fabric outer layer Which has been pre-Weakened in a pattern 
to alloW a predictable deployment of the air bag. The air bag 
cover preferably comprises an outer textile or fabric layer, a 
backing layer and a plastic substrate, preferably formed by 
loW pressure molding. The pre-Weakening may be accom 
plished by reducing the cross-section of some or all of the 
layers of the air bag cover from at least one of the front and 
back side of the cover. Alternatively, the pre-Weakening may 
be accomplished by Weakening the ?bers or yarn used in the 
outer layer by, e.g., laser, chemical treatment, or by photo 
degradation, or by melting or by actually Weaving a pattern 
into the fabric, the pattern comprising Weaker yarns Which are 
strategically positioned to provide an area Which is Weaker 
than the remainder of the fabric and Which preferentially tear 
upon air bag deployment. In addition, in the case of laser, e. g., 
the invention herein Weakens the fabric Without a physical 
alteration Wherein, e.g., the thickness and/or appearance of 
the fabric remains substantially unchanged by a controlled 
laser exposure. 

According to another aspect of the present invention, air 
bag covers having a fabric outer layer are provided that can be 
used anyWhere in the interior of the vehicle to complement 
the appearance of the surrounding interior trim, including but 
not limited to, the instrument panel, steering Wheel, console, 
door panels, seats, headliner, quarter panels, pillars and Win 
doW trim. 

According to another aspect of the present invention, a 
preferred construction for fabric covered air bag covers is 
provided Which includes a fabric or textile layer, a backing 
layer and a loW pressure-molded substrate. 

According to another aspect of the present invention, a 
means for pre-Weakening the fabric or textile outer layer of 
the air bag cover is provided by reducing the cross-sectional 
thickness of the outer layer locally With a laser or a knife blade 
from at least one of the front and back sides of the outer layer. 

According to another aspect of the present invention, a 
means for pre-Weakening the fabric or textile outer layer of 
the air bag cover is provided by Weaving into the fabric outer 
layer a pattern corresponding to the shape of the air bag door 
opening, the pattern comprising yarn that is Weakened to a 
lesser tensile strength than the remainder of the yarn used in 
that area. 

According to another aspect of the present invention, the 
fabric outer layer of an air bag cover is Weakened by treating 
the fabric locally from at least one of the front and back sides 
With a chemical, With a light source causing photodegrada 
tion, or With a laser. 

According to another aspect of the present invention, an air 
bag cover for an air bag safety system for a vehicle is pro 
vided, comprising a fabric outer layer having a front side and 
a backside, and comprising a Weakened portion and a non 
Weakened portion. A substrate containing an opening is pro 
vided, said opening having a periphery, the substrate prefer 
ably formed by loW pressure molding. The fabric outer layer 
is made to overlie the opening in the substrate, and the non 
Weakened portion of said fabric layer is made to overlie a 
portion of said periphery and said Weakened portion overlies 
another portion of said periphery. 
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According to yet another embodiment of the present inven 
tion, an air bag cover for an air bag safety system for a vehicle 
is provided, comprising a fabric outer layer having a front side 
and a backside, and comprising a reinforced portion and 
non-reinforced portion. A substrate containing an opening is 
provided, said opening having a periphery, the substrate pref 
erably formed by loW pressure molding. The fabric outer 
layer overlies the opening in the substrate, and the reinforced 
portion of said fabric layer overlies a portion of said periph 
ery. 

These and other objects, features and advantages of the 
present invention Will be understood through consideration of 
the folloWing detailed description in connection With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of an air bag cover assembly 
constructed according to the present invention and integrated 
into a vehicle instrument panel. 

FIG. 2 is a cross-sectional side vieW of an air bag deploy 
ment assembly disposed behind the air bag cover assembly 
and instrument panel of FIG. 1 taken along lines 2-2. FIG. 3 
is a magni?ed fragmentary cross-sectional vieW of an air bag 
cover assembly constructed according to the present inven 
tion. 

FIG. 4 is a magni?ed fragmentary cross-sectional vieW of 
an air bag cover assembly constructed according to the 
present invention With an alternate Weakening pattern. 

FIG. 5 is a magni?ed fragmentary cross-sectional vieW of 
an air bag cover assembly constructed according to the 
present invention With an alternate Weakening pattern. 

FIG. 6 is a simpli?ed ?oW chart illustrating the steps of 
molding a fabric covered trim panel according to the present 
invention. 

FIG. 7 is a cross-sectional vieW of a molding apparatus 
containing a loW pressure molded trim panel With a fabric 
layer and backing layer bonded thereto. 

FIG. 8 is a magni?ed fragmentary cross-sectional vieW of 
an air bag cover constructed according to the present inven 
tion illustrating an alternate embodiment. 

FIG. 9 is a magni?ed fragmentary cross-sectional vieW of 
an air bag cover constructed according to the present inven 
tion illustrating With an alternate Weakening pattern of the 
second embodiment. 

FIG. 10 is a magni?ed fragmentary cross-sectional vieW of 
an air bag cover constructed according to the present inven 
tion illustrating an alternate Weakening pattern of the second 
embodiment. 

FIG. 11 is a cross-sectional vieW of the molding apparatus 
of the trim panel of FIG. 10. 

FIG. 12 is a diagrammatic vieW shoWing a third embodi 
ment for preparing a tear seam according to the present inven 
tion. 

FIG. 13 is a vieW taken along lines 13-13 ofFIG. 14. 
FIG. 14 is a diagrammatic vieW shoWing an alternate 

method of preparing a tear seam according to the third 
embodiment of the present invention. 

FIGS. 15 and 15A are enlarged diagrammatic vieWs of tWo 
different constructions of the third embodiment of the present 
invention having yarn of different strengths. 

FIG. 16 is a sectional vieW of FIG. 15. 

FIG. 17 is a diagrammatic vieW of one pattern of Weaker 
yarns included in a fabric layer. 

FIG. 18 is a diagrammatic vieW of an alternate pattern of 
Weaker yarn included in a fabric layer. 
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6 
FIG. 19 is a schematic illustrating the orientation of the 

tensile and elongation samples cut from the laser treated 
fabric according to the present invention. 

FIG. 20 is a diagrammatic vieW of a laser used to Weaken a 
fabric layer according to the present invention. 

FIG. 21 is a magni?ed fragmentary cross-sectional vieW, 
similar to FIG. 2 of an alternative air bag cover assembly 
constructed according to the present invention. 

FIG. 22 is an enlarged diagrammatic vieW of a construction 
an exemplary Woven fabric layer consistent With the present 
invention having yarn of different strengths. 

FIG. 23 is a sectional vieW of the fabric construction of 
FIG. 22. 

FIG. 24 an enlarged diagrammatic vieW of a construction 
an exemplary knitted fabric layer consistent With the present 
invention having yarn of different strengths 

In the appended draWings, common elements use the same 
numeric characters but are distinguished by the addition of a 
letter to identify a common element betWeen embodiments 

(for instance, 10 10A, 10B, etc.). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

In FIG. 1, a fabric covered automobile instrument panel 
assembly 10 is shoWn as Would be installed beloW the Wind 
shield in the cockpit of a vehicle. An in?atable restraint 
assembly or air bag system (not shoWn) for protecting the 
occupants of the vehicle is located beneath an integrally 
formed air bag door 14, the door having a perimeter de?ned, 
in part, by a hidden marginal edge 16, shoWn by the dashed 
lines. The perimeter 16 may also be de?ned as the lateral 
boundary of the door 14, the door 14 being de?ned as that 
portion of the integrally formed panel 12 and door 14 that is 
separable or bendable from the panel 12 under the force of air 
bag in?ation. The door 14 and vehicle instrument panel 12 
may be integrally formed as a single unitary piece. Pre-Weak 
ening of the panel 12 to demarcate the air bag door 14, usually 
from the backside to preserve an uninterrupted Class A outer 
surface may take place along or adjacent the perimeter 16. 
The automobile instrument panel assembly generally 

shoWn at 10 in FIG. 1, represents a ?rst preferred embodiment 
of the present invention. FIG. 1 shoWs a fabric covered air bag 
door 14 integrated into the passenger side of a fabric covered 
automobile dashboard or instrument panel 12. Alternatively, 
the air bag cover may be integrated into the knee bolster area 
30, steering Wheel hub 40, or other areas in the interior of the 
vehicle including, but not limited to, seats, headliner, pillar 
trim, door panels, quarter panels, roof rails (all not shoWn) 
and the like. 
The assembly 10 comprises a trim panel generally indi 

cated at 12 in FIG. 2 and an integral air bag door, generally 
indicated at 14. The air bag door 14 may be molded as part of 
the trim panel 12 and is disposed in and closes a like-shaped 
air bag deployment opening 28 in the trim panel 12. The door 
14 has an outer edge 16, Which abuts and forms a frangible 
tear seam 26 With an inner edge 22 of the air bag deployment 
opening 28. The seam 26 formed in the substrate 20 may 
comprise an area of reduced cross-section created by molding 
the section thinner than the thickness of the surrounding 
substrate during the loW pressure molding process that forms 
the panel 12 and door 14 and back-?lls the outer surface layer 
32. Alternatively, the seam 26 may be formed by routing, laser 
cutting or knife cutting into or through the substrate. The 
seam may be a continuous groove or intermittent slots or 
perforations formed partially through or completely through 
the substrate layer 20. The tear seam 26 is preferably invisible 
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to the occupants of the vehicle for reasons of aesthetics, and 
thus is shown in FIG. 1 by dashed lines. Alternatively, the 
Weakened area or tear seam 26 may be formed in the top Class 
A surface of the panel, or alternately in both the top and 
bottom surfaces of the molded panel. The panel 12 is gener 
ally molded of a someWhat ductile plastic and the frangible 
tear seam 26 of reduced cross-section is designed to fracture 
due to the pressure of the in?ating airbag, alloWing the airbag 
door 14 to break loose from the instrument panel 12 predict 
ably and Without fragmentation. 
As shoWn in sectional vieW in FIG. 2, taken at line 2-2 of 

FIG. 1 looking in the direction of the arroWs, a fabric covered 
instrument panel 12 covers an air bag system 18 that is located 
behind the instrument panel directly beneath the air bag door 
14 and is mounted to a metal portion of the vehicle structure 
(not shoWn). The air bag system includes an in?atable folded 
air bag 22, an in?ator 24, canister 25 and an impact sensor 
(not shoWn) that on vehicle impact triggers ignition of the 
in?ator to in?ate the air bag for deployment into the passenger 
space directly in front of a passenger seated on that side of the 
vehicle. As further shoWn in FIG. 2, a plastic deployment 
chute 51 is attached at 44, preferably via vibration Welding, to 
the backside of the instrument panel substrate 20 just out 
board of the frangible tear seam 26 in the area of the air bag 
door 14 to direct the air bag 22 and Which creates suf?cient 
structure in the panel to direct the force of the in?ating bag 
into the pre-Weakened tear seam 26 surrounding the air bag 
door 14. A reaction plate 52 Which contains stiffening ribs 46 
is similarly and preferably Welded at 48 to the air bag door 14 
backside to provide stiffness. The deployment chute and reac 
tion plate are preferably molded of a plastic compatible With 
the instrument panel substrate 20 and are Welded to the back 
side of the instrument panel substrate 20 and door 14 so that 
the tear seam 26 is located in line With the chute inner periph 
ery 53. The reaction plate 52 is attached to the air bag door 
portion 14 of the molded hard instrument panel 12 such that 
on air bag deployment the Welded air bag door/reaction plate 
combination separates from the instrument panel/deploy 
ment chute Welded assembly. As the air bag 22 expands to ?ll 
the area inside the deployment chute 51, the bag contacts the 
reaction plate 52 and forces the Welded reaction plate 52/ air 
bag door 14 to fracture at the tear seam 26. 

Various plastic materials may be molded to form both the 
instrument panel With integral air bag door and the deploy 
ment chute/reaction plate including, but not limited to, acry 
lonitrile-butadiene-styrene, polycarbonate, polyurethane, 
polyamide, styrene maleic anhydride, polypropylene, poly 
ole?n, thermoplastic ole?n, thermoplastic elastomer, 
polyphenylene oxide and combinations thereof. 
As alluded to above, the attachment of the reaction plate 

and deployment chute is preferably by vibration Welding of 
the molded chute/plate to the instrument panel but may also 
comprise other Welding methods and attachment means 
including, but not limited to, hot plate Welding, adhesive 
mechanical attachment, etc. 
As shoWn in FIG. 2, a metal tether 41 Which may contain a 

formed loop 80 is attached to the reaction plate 52 by a rivet 
60 and Washer 64 and to the deployment chute 51 by a fastener 
56 screWed into a boss 54. The Washer 64 may be an H-shaped 
piece of stock that ?ts betWeen the ribs of the reaction plate. 
The metal tether 41 may be a steel stamping formed to shape 
and alternatively may comprise a series of holes or slots in the 
stamping in the area of the loop 80 to assist in hinging of the 
tether to control air bag door 14/reaction plate 52 travel. The 
formed loop 80 may comprise one or more loops disposed 
betWeen the reaction plate 52 and the deployment chute 51 to 
create the desired amount of slack for the deploying door. In 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
addition, the loop itself may be selectively positioned at the 
open space under the area of reduced cross-section 26 as 
shoWn at 81. Alternatively, the loop may be selectively posi 
tioned adjacent the fastener 56. Typically, the tether may be 
one or more metal stampings approximately 200 mm Wide by 
0.6 mm in thickness. Preferably, the tether may be the same 
Width as the reaction plate to provide a predictable deploy 
ment result at high temperature and extend through a bent 
section 81 to be anchored at the deployment chute. Altema 
tively, the metal tether 41 may not include a loop 80 and may 
act as a hinge for the door 14. 
The instrument panel 12 further comprises an outer layer of 

fabric 32 and may further include a backing layer 34. As Will 
be shoWn in fragmentary cross-section in FIG. 3, the outer 
layer of fabric 32 and the backing layer 34 may be Weakened 
in the area of the door seam 26 to provide predictable and 
reliable deployment of the air bag 22 through the opening 28 
in the trim panel 12. 

Turning to FIG. 3, a preferred embodiment of the construc 
tion of the pre-Weakened fabric covered air bag door and 
instrument panel assembly is shoWn. This enlarged fragmen 
tary cross-sectional vieW is taken from FIG. 1 at the circle 
indicated by the numeral 3 shoWing the detail of the tear seam 
26 in the substrate 20 and additional Weakening of the cover 
layer 32 andbacking layer 34.A tear seam 36 extends through 
the backing layer 34 and partially through the fabric layer 32 
to provide predictable tearing of the cover layers 32, 34 dur 
ing air bag deployment. The cover layer tear seam 36 is 
preferably located just outboard of the door/substrate tear 
seam 26 so that the mode of failure for the cover layers 32, 34 
is in tensile rather than in shear, as this provides more con 
sistent tearing. Alternatively, the cover layer tear seam 36 may 
be aligned over the door/ substrate tear seam 26. (See FIG. 4.) 
Both tear seams 26, 36 may extend around the full periphery 
of the door 14 or may be interrupted. In addition, in terms of 
speci?c dimensions, the outboard cover layer tear seam 36 
may be outboard of the door/substrate tear seam 26 by an 
amount equal to or greater than 1.0 mm, and can lie in the 
range of 1.0 mm to 50 mm, and at any 0.1 mm increment 
therebetWeen. Most preferred values are in the range of 5.0 
mm to 15.0 mm. 

Manufacture of the fabric covered instrument panel With 
integral air bag door and pre-Weakened tear seams may be 
preferably accomplished as folloWs. A fabric material 32 is 
chosen Which Will Withstand the rigors of the area in the 
vehicle in Which it Will be used (abrasion, heat, light expo 
sure, feel, appearance, etc.). The fabric may include, but is not 
limited to, cloth, carpet, knit, tricot, chenille, natural or syn 
thetic composition, Woven or non-Woven, in a thickness, 
Weight and denier Which meets the requirements for a trim 
material in the area of the interior of the vehicle that Will 
house the air bag. 

Flat fabrics are preferred in this invention, either knits or 
Wovens. As used herein, the term “Woven fabric” refers to a 
fabric containing a structure of ?bers, ?laments or yarns 
Which are orderly arranged in an interengaged fashion. 
Woven fabrics typically contain interengaged yarns in a 
“Warp” and “?ll” direction. The Warp direction corresponds 
to the length of the fabric While the ?ll direction corresponds 
to the Width of the fabric. Suitable pile or effect yarns for use 
in the present invention include, but are not limited to, natural 
?bers such as cotton, linen, jute, hemp, cotton, Wool, and 
Wood pulp, regenerated cellulosic ?bers such as viscose 
rayon and cuprammonium rayon, modi?ed cellulosic ?bers 
such as cellulose acetate, and synthetic ?bers such as those 
derived from polypropylene, polyethylene, polyvinyl alco 
hol, polyesters, polyamides, and polyacrylics. The above 
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mentioned pile or effect yarns may be used alone or in com 
bination With one another. Multicomponent ?bers comprising 
a blend of one or more of the above materials may also be used 
if so desired. Preferably, the cover fabric comprises a poly 
ester Woven fabric having a Weight of about 300-350 grams/ 
square meter, although Weights as loW as 100 gr/m2 have been 
used. Further, knits seem to perform equally Well. 
A backing material 34 may be optionally applied to the 

underside of the fabric to prevent strike-through by the sub 
sequent substrate 20 When it is molded behind the backing 
layer. The backing material serves to reduce the porosity of 
the fabric layer and is preferably a non-Woven layer of poly 
ester orpolypropylene With a Weight of about 200-250 grams/ 
square meter. The backing material may include, but is not 
limited to, a spun laced non-Woven, a needle punched non 
Woven, felt, an adhesive layer, and a plastic backing layer 
such as EVOH, EVA, polyethylene, and polyester acrylic. 
The backing layer 34 may be attached to the underside of the 
fabric layer 32 by methods including, but not limited to, 
?amebonding, adhesive ?lm, adhesive spray, etc. Alterna 
tively, the fabric outer layer 32 and backing layer 34 may be 
separated by a foam layer to provide a softer touch for the trim 
panel and air bag cover. 

The composite fabric layer 32/backing layer 34 is then 
preferably pre-Weakened in a pattern roughly coinciding With 
the outline of the air bag door area 16. Pre-Weakening may be 
accomplished by laser scoring, by sonic knife or by the appli 
cation of a hot knife blade under pressure Which melts 
through the backing 34 and partially through the fabric layer 
32. This is done to provide an uninterrupted surface over the 
air bag door area and provide a hidden air bag door 14 in the 
panel 12. The pre-Weakened tear seam 36 in the cover layers 
32, 34 may comprise a continuous groove or may be a series 
of intermittent slots or holes Which provide Weakening. 

In a process Which is particularly suitable for use in mold 
ing an article With fabric covering, as shoWn in sectional vieW 
in FIG. 7, coacting members are provided for in injection 
molding machine, one of the members having a cavity portion 
associated thereWith With a con?guration of one side of the 
article to be molded, While the other of the tWo members has 
a detail portion that projects therefrom into the cavity portion 
of the other member When the tWo members are brought 
together along a parting line. The fabric sheet is interposed 
betWeen the tWo members along the parting line and may be 
positioned in registration With the cavity by Way of a robotic 
arm, carrier plate or motoriZed drive assembly that is able to 
position the fabric accurately. A substrate layer 20 is then 
formed behind the backing layer by a loW pressure molding 
process such that the fabric layer becomes the “skin” of the 
molded article. This is shoWn in FIG. 7 Wherein a fabric cover 
layer 32 and backing layer 34 containing a pre-Weakened tear 
seam 36 are disposed betWeen an inj ection mold cavity 50 and 
core member 60 and back-?lled With a plastic to form a 
substrate 20 ?lling in any open space betWeen mold cavity 50 
and core 60 and urging the cover layer 32 and backing layer 
34 to conform to the inner surface 58 of mold cavity 50. 
LoW pressure molding processes are preferred herein for 

forming fabric covered trim panels according to the present 
invention as they typically result in less disruption to the 
cover layers during manufacture (stretch, Wrinkling, com 
pression, overheating, etc.) and are more economical for pro 
ducing large parts. LoW pressure processes that are suitable 
for this invention generally are of tWo types, thermoset and 
thermoplastic. The thermoset loW pressure molding pro 
cesses are generally liquid processes, often called reaction 
injection molding (RIM) Where a reactive polymer or its 
precursors are injected into a closed mold and How to ?ll the 
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10 
open space betWeen mold halves before solidifying. The 
types of polymers may include, but are not limited to, ure 
thane, polyester, dicyclopentadiene, polyurea, epoxy and 
acrylic, and may include ?llers and reinforcements. 
LoW pressure thermoplastic molding processes generally 

entail loWer clamp pressure (in the order of 1000 psi) than 
regular injection molding processes due to one or more of the 
folloWing characteristics: 

?lling the mold While it is partially open, 
use of cascading sequential gating to distribute the How, 
pre-expanding the melt, 
introducing a gas to ?ll out a short shot, 
loW speed injection of the polymer, 
elimination of pack out and hold pressure, 
use of easy ?oW, loW melt viscosity, and high melt index 

polymers. 
Examples of loW pressure molding processes include the 

MuCell process Where carbon dioxide or nitrogen is injected 
in a supercritical ?uid state into the injection molding 
machine barrel to form a single phase solution Which When 
injected into a mold, expands into ?ne bubbles Which ?ll the 
mold, and a gas assist process, such as the Gain process, 
Where the injection mold is ?lled With less plastic than is 
required to mold a solid part, and a gas under pressure is 
introduced into the melt Which expands to ?ll out the cavity. 
Ube Corp.’s Dieprest process injects polymer melt into a 
partially open tool, then closes the tool (injection-compres 
sion) to ?ll out the cavity. The mold may later be opened to 
reduce damage to the cover layer. Sumitomo Corp. and Van 
Dom Corp. provide a series of cascading sequentially acti 
vating valve gates in a hot runner control system that distrib 
ute the polymer around the mold, reducing ?ow distance and 
providing a more consistent melt velocity. Alternatively, the 
polymer melt may be extruded across the cavity of the mold 
using an X, Y, Z robot. Also, near-?nal-shape preforrns may 
be provided Which are placed betWeen the mold halves and 
require little How to ?ll out the open space When the mold is 
closed. 
As therefore alluded to above, in a preferred embodiment, 

the cover layers 32, 34 containing a pre-Weakened seam 36 
are placed betWeen coacting mold halves and a polymer melt 
injected using cascading, sequentially activated gates distrib 
uted across the mold. FIG. 6 brie?y describes this process. 
This process involves the sequential injection of polymer 
melt into the mold such that the mold is sequentially ?lled 
according to each sequential injection of material. Each 
sequential injection is therefore capable of relatively loW 
injection pressures since it is unnecessary to ?ll the entirety of 
the cavity via use of a single gate. In addition the How distance 
for ?ll-out of each section of the mold corresponding to the 
sequential gates is less than for the entire mold cavity. 
Accordingly, as used herein, the term sequentially activated 
gates de?nes that situation Wherein a plurality of gates are 
employed, connected to the mold cavity, to distribute the 
molten material throughout the mold cavity. In that context, 
the gates, While preferentially operating in sequential format, 
may include some degree of overlap in their ?lling sequence. 

In accordance With the present invention, the preWeaken 
ing of the fabric and backing present several options. Speci? 
cally, one can ?rst preWeaken the fabric and place the backing 
on the fabric, position such fabric/backing in the mold, 
Wherein the backing prevents ?oW-through during the ensu 
ing step of loW pressure molding and substrate formation. 
This is folloWed by Weakening (laser, cutting, etc) through the 
substrate and partially into the backing material. Optionally, 
one can preWeaken both the fabric and backing simulta 
neously, folloWed by loW pressure molding and substrate 














